Abstract. Colorectal carcinoma (CRC) is a common cancer and the second most common cause of death. The therapeutic costs for this disease will continue to rise due to an increasing incidence and the introduction of new chemotherapeutic modalities. Colorectal carcinoma is preceded by precursor lesions, which can be used as a target for early detection and therapy. Biennial population screening with faecal occult blood tests (FOBT) lowers CRC mortality with 14-18%. Five year screening with flexible sigmoidoscopy is a cost-effective alternative, which yields a higher preventive effect when similar participation rates are achieved. Screening colonoscopy has the advantage of examination of the complete colon but disadvantages are the high participant burden and the higher demand for endoscopic personnel and endoscopy units. Future screening modalities like faecal DNA markers and CT colonography are promising but need further improvement. In Europe, faecal occult blood testing and flexible sigmoidoscopy are currently the most suitable screening modalities for colorectal cancer screening.
Introduction
Colorectal cancer (CRC) is a major health problem and the second most common cause of death from cancer in most Western countries. Screening can detect precursor lesions and early cancers, which reduces CRC incidence and mortality. For this reason, many European countries are developing colorectal cancer screening programmes. The most common screening methods being evaluated are faecal occult blood testing, flexible sigmoidoscopy and colonoscopy. The implementation of CRC screening programmes are being hampered by participation rates, costs, invasiveness of the screening method and the availability of health care resources. This paper will discuss the effectiveness, advantages and disadvantages of the available screening methods. Furthermore, the participation rate, costs and future perspectives of CRC screening programmes will be discussed.
Colorectal carcinoma and screening
In Europe, colorectal cancer is the second most common form of cancer and a major cause of cancer mortality. In 2004 there were more than 375,000 new cases diagnosed and 203,000 deaths; corresponding figures for the Netherlands are 10,000 cases and 4300 deaths [12, 69] . In the next years the incidence of CRC will keep rising, primarily due to an ageing population.
Detection of CRC at an early stage considerably improves prognosis. The 5 year survival rates of localised CRC (Dukes'stage A or B) are 82-93% while the 5 year survival rate of metastatic disease (Dukes'stage D) is less than ten percent [45] . Current combination schemes for adjuvant and palliative treatment of CRC result in an improvement of survival but are also associated with tremendous costs [52] . In the recent past, the therapeutic options for patients with metastatic dis-ease due to CRC were very limited, and thus the average treatment costs for these patients were in the order of € 4000. Nowadays, there are more therapeutic options available. The mean survival of untreated patients with metastatic disease is approximately 6 months and combined chemotherapy with Fluoracil and Leucovorin can result in a prolonged mean survival of 10-12 months. The combination of Fluoracil with another chemotherapeutic agent like Irinotecan or Oxaliplatin prolongs the median survival to 14-16 months. Combining fluoracil with both Leucovorin and Irinotecan or Oxaliplatin results in an even more prolonged mean survival of 20 months or more. This survival rates has also been reported for the combination of Fluoracil with new target therapies like epidermal growth factor antagonists (Bevazicumab). However, treatment with new chemotherapeutic agents as well as surgical treatment of metastases can be associated with costs of € 150,000 or more [52] .
The removal of adenomatous polyps, a non-malignant precursor of CRC, can prevent the disease and thus result in a lower incidence of CRC [59, 70] . The high incidence and mortality, the ability to identify precursors, improved prognosis at early detection and the fact that removal of polyps lowers the incidence of CRC necessitate research into the feasibility and yield of CRC screening in the European Community. In the Netherlands, the importance of a CRC screening programme was long doubted [2, 9, 20, 64] . Recently, a pilot study evaluating the participation rate of two different FOBT screening programmes has started as a combined initiative of the academic centers in Amsterdam and Nijmegen. Furthermore, a second feasibility and implementation study is being performed in the Rotterdam region, where 15,000 inhabitants in the age of 50-74 will be randomised for screening with either FOBT or flexible sigmoidoscopy. A third pilot study has started in the region of Maastricht. This study will evaluate the costs and results of screening with FOBT, colonoscopy and additional DNA and/or protein analysis of blood samples. Screening will be offered to a selected group of 3500 employees aged 50-65 years. These studies will form an important basis for the decision on implementation of CRC screening in the Netherlands.
Other European countries have already started a CRC screening programme, using different screening methods. In Germany colonoscopy and FOBT are used as screening method, while in Northern Italy screening is performed with flexible sigmoidoscopy [8, 54] . In Finland, France and the United Kingdom, CRC screening is performed with guaiac FOBT [4] . In the United States, CRC screening is currently predominantly performed with colonoscopy, but CT-colonography has been introduced as an alternative and its use is rapidly increasing.
Screening methods

Faecal occult blood testing
Randomized trials have shown that biennial guaiac FOBT screening results in a 14-18% reduction of mortality due to CRC [25, 28, 33, 40] . The guaiac FOBT detects the peroxidase activity of haemoglobin, indicating the presence of blood in the stool. Major advantages of the guaiac FOBT screening are the low costs, the simplicity and the possibility to perform the test at home at any time. The participant only needs to collect some faeces for further analysis.
However, screening with guaiac FOBT has important limitations. Firstly, the guaiac FOBT has a poor sensitivity of 24-50% for the detection of advanced neoplasia [7, 38, 65] . These lesions are defined as adenomas with a diameter of 10 mm, or with villous histology, high-grade dysplasia, or cancer.
The poor sensitivity of the guaiac FOBT is caused by its limitation of detecting only bleeding neoplasia, while non-bleeding lesions are missed. This means that most precursors of CRC will not be detected and FOBT screening is not expected to lead to a reduction of the incidence of CRC.
In an average elderly Western population, a positive guaiac FOBT is encountered in 2-5% of the participants in a screening programme (Table 1) [28, 33, 71] . When these subjects are subsequently investigated by colonoscopy, advanced neoplasia is detected in 50% of them. In the remaining subjects no lesions are detected, and the guaiac FOBT is considered false positive. Contrariwise, 4.5-8.5% of subjects in the age of 50-79 years with a negative family history for CRC and a negative guaiac FOBT nevertheless have advanced colonic neoplasia [50] .
Despite these considerable rates of false-positives and -negatives, guaiac FOBT screening is in most European countries considered as the mainstay for CRC screening because of its proven efficacy for mortality reduction where similar results of screening with other methods is still awaited. However, the low sensitivity of the guaiac FOBT and the resulting limited effect on CRC incidence and mortality request for a more sensi- [3, 55] . § Based on data of Segnan et al. [54] and Lieberman et al. [38] . ** Proportion of the screened population in which an advanced neoplasia is detected. † Estimated participation, based on the data of the randomised controlled trials with guaiac FOBT. § § Data concerning the mortality reduction of an immunochemical FOBT are lacking. Given the higher diagnostic yield in comparison with the guaiac FOBT it is expected that the mortality reduction will be higher than 14-18%.
tive and specific test, with a sufficient level of acceptability and cost effectiveness. One alternative is screening by means of an immunochemical FOBT test. Immunochemical FOBT tests use antibodies specific for human haemoglobin and therefore do not require any dietary restrictions. Studies comparing guaiac based and immunochemical FOBT tests estimated a higher sensitivity (68-82%) and specificity (97%) for immunochemical test for the detection of colorectal neoplasia [7, 65, 71] .
A limitation of these studies was that not all patients with a positive test result underwent colonoscopy. In a recent Japanese study the sensitivity and specificity of one time immunochemical FOBT tests for colorectal neoplasia was evaluated more accurately, since every subject underwent colonoscopy regardless of the test result [41] . The sensitivity for one time immunochemical FOBT testing was 65.8% and the sensitivity was better for the detection of Dukes' stages C-D (78.3%) compared with Dukes' A (52%) or B (70%) and large adenoma (20%).
The specificity of the immunochemical FOBT was 95% for advanced neoplasia.
Another Japanese study evaluated one, two and three day immunochemical FOBT testing [43] . The sensitivity reported in this study was 56% for one day testing, which increased with 2-day (83%) and 3-day (89%) testing. The specificity was 97% for the one day testing method and decreased to 94% for the three-day testing method.
Many CRC screening programmes are using guaiac based FOBT, because the impact of faecal immunochemical testing on CRC incidence and mortality has not been evaluated in prospective randomized controlled trials. Another factor that is limiting the replacement of guaiac FOBT is the higher cost of immunochemical FOBT. However, based on the available literature, faecal immunochemical testing appears an appropriate and acceptable alternative to guaiac based FOBT.
Endoscopic screening
The sensitivity of endoscopic screening for the detection of advanced neoplasia is higher compared to FOBT. Endoscopic screening also enables the detection and removal of adenomatous polyps, resulting in the additional benefit of providing a tissue diagnosis and offering therapy by means of polypectomy. It is expected that screening with colonoscopy or flexible sigmoidoscopy will lead to a greater reduction in the incidence and mortality of CRC compared to screening with FOBT. However, the specificity of endoscopic screening in terms of cancer prevention is low, since only a minority of the detected adenomatous polyps will eventually progress to colorectal cancer [59] .
Furthermore, a potential drawback of endoscopic screening is the possibility of missing flat adenomas or depressed tumours, since these lesions are not always visible by endoscopy [67] . The further development of new endoscopic techniques such as high magnification endoscopy, autofluorescence endoscopy and narrow band imaging should reduce this problem.
Flexible sigmoidoscopy
Almost two thirds of CRC occur in the distal colon and are therefore detectable with flexible sigmoidoscopy. Lesions proximal to the splenic flexure are missed with sigmoidoscopy, unless these are associated with the presence of advanced distal adenomas, as these lesions are considered an indication for further colonoscopy.
Performing flexible sigmoidoscopy in the above mentioned strategy allows detection of 75-85% of CRC cases in men and 45-55% in women [10, 37, 50] .
A few studies have reported a preventive effect of flexible sigmoidoscopy screening [42, 44, 56] . In a retrospective case control study 261 case subjects with CRC were compared with 868 age and sex matched control subjects [56] . Patients diagnosed with distal CRC were much less likely to have undergone a sigmoidoscopy in the prior ten years compared to matched controls. The investigators estimated that a screening programme using flexible sigmoidoscopy could lead to a reduction of at least 30% in total mortality from colorectal cancer. This effect is likely based on the larger amount and earlier stage of lesions detected with sigmoidoscopy in comparison with FOBT. A recent Italian study reported a three times higher detection rate for advanced neoplasia following screening by flexible sigmoidoscopy than by immunochemical FOBT (Table 1) [54] .
The effectiveness of flexible sigmoidoscopy screening on the mortality reduction of CRC has never been demonstrated in randomized controlled trials. However, two large prospective trials are ongoing in Italy and the United Kingdom. The preliminary results of these studies demonstrate that flexible sigmoidoscopy screening is feasible, safe and has a high diagnostic yield. The first results on mortality are due to be published in 2007.
Flexible sigmoidoscopy is potentially limited by the inability to detect right-sided neoplasia. In an American study 23 of the 1564 (1.5%) asymptomatic patients had advanced proximal neoplasia without the presence of distal lesions [31] . Screening in an asymptomatic veteran population (Veterans Affair (VA) Cooperative Study 380) showed that 2.7% of asymptomatic patients had advanced proximal neoplasia without pathology in the distal colon [37] . Fifty-two to 62% of patients with advanced proximal neoplasia in these two studies would not have been referred for colonoscopy if screening sigmoidoscopy was performed. In females CRC are relatively more often located in the right side of the colon compared to males. This could result in less detected CRC by flexible sigmoidoscopy in females. A recent trial suggested that colonoscopy is therefore the preferred method of screening women [50] . This trial examined the yield of screening colonoscopy in 1463 women. The investigators reported that if flexible sigmoidoscopy alone had been performed, advanced neoplasia would have been detected in 1.7% of women (25 of 1463) and missed in 3.2% (47 of 1463). A possible explanation for this finding is that women tend to have more advanced proximal neoplasia and fewer distal lesions indicating colonoscopy. Colorectal cancer is more frequent in men than in women, which means that the number of missed cancers per 100 screened males and females will likely be fairly similar [12] .
The referral rate for colonoscopy in a flexible sigmoidoscopy screening programme is determined by the strategy and by the age distribution of the screened population. The most common strategy is referral for colonoscopy of subjects with advanced neoplasia, or with three or more adenomas [3, 55] . However, there is no consensus about who to send for colonoscopy based on the flexible sigmoidoscopy findings. The presence of advanced distal neoplasia is clearly associated with a higher risk of advanced neoplasia in the proximal colon. The presence of one or two small distal tubular adenoma (<1 cm) is associated with at most a slighter increased risk of proximal lesions, because in previous studies such an increase has not been found [35, 49, 51] .
Referral rates for colonoscopy would be approximately five percent if referral is restricted to those with three of more adenomas or advanced neoplasia and increases to 12.5% if all persons with at least one adenoma are referred for colonoscopy [26, 31, 55] .
In order to obtain the most optimal strategy further validation of referral criteria is needed.
Endoscopic screening is an invasive investigation and carries the risk of complications. However, the complication rate of flexible sigmoidoscopy is low (0.002-0.009%) [3, 34, 55] .
Colonoscopy
In a few countries, in particular the United States and Germany, CRC screening is performed with colonoscopy. The major advantage of colonoscopy is that it allows examination of the complete colon, thus ensuring a maximum detection rate of advanced lesions.
A few studies have demonstrated that colonoscopy is superior to a screening programme consisting of flexible sigmoidoscopy, for the detection of proximal neoplasia [10, 37, 50] . It has been suggested that screening with colonoscopy would result in 76-90% reduction in cancer incidence [70] . Colonoscopy however is more demanding for individuals undergoing the procedure, requires more endoscopic facilities and costs and carries a risk of serious complications.
The complication rate of screening colonoscopy was evaluated in a cohort of 3196 asymptomatic patients from 13 US Veterans Affairs Medical Centers [37] . Major complications (in particular lower gastrointestinal bleeding, myocardial infarction, cerebrovascular accident or thrombophlebitis) occurred in 0.3% of all procedures. No perforations were reported. One death was observed two days following a colonoscopy, but this was considered unrelated to the procedure.
Both colonoscopy and flexible sigmoidoscopy can be employed for endoscopic screening programmes. However, colonoscopy has a lower additional value than flexible sigmoidoscopy in terms of costs and time benefits, assuming that the procedure of flexible sigmoidoscopy requires half the time and far less day-care admissions than colonoscopy, and that in particular in men the majority of the advanced lesions are located in the distal colon.
Flexible sigmoidoscopy is at present judged more suitable for population screening than colonoscopy, because it is safer, quicker, and more convenient.
Future developments
Faecal DNA markers
In recent years much advances have been made in understanding the molecular pathology involved in the development of CRC. These advances have led to the development of screening techniques based on detection of colonocyte DNA in faeces. DNA of sheded cells can be detected in faeces and can be amplified with the use of PCR technology for further analysis. Current technical challenges for DNA tests are the degradation of DNA in stool and the potential presence of PCR inhibitors, such as bile and food components.
The DNA changes found are mostly tumour-derived mutations in suppressor genes and oncogenes like KRAS, APC and tP53 genes. Mutations in these genes can be used as markers for faecal DNA analysis [18] . KRAS mutations can be identified in the stool of patients with curable CRC [57] . A previous study reported the presence of the ras mutation in 8 of 9 patients with curable CRC. An American study evaluated the use of multiple genetic targets (tp53, BAT26 and K-RAS) to detect CRC in stool [23] . Analysis was performed on stool samples of 51 patients with CRC, including 39 patients whose tumour had a mutation at any of the three target genes. The use of multiple genetic targets detected stool DNA mutations in 36 patients (71%) and all these DNA mutations were detected in the 39 patients with a known gene alteration. Another American study evaluated the feasibility of detecting APC mutations in faecal DNA [62] . Stool samples of 28 patients with non-metastatic CRC, 18 patients with adenomas sized 1 cm and 28 controls without neoplastic lesions were evaluated. APC mutations were detected in 17 patients with CRC and 9 patients with an adenoma, while no mutations were identified in the 28 control patients. The results of this study suggested that APC mutations are detectable in faecal DNA from patients with non-metastatic CRC.
Microsatellite instability (MSI) and hypermethylated DNA markers are also useful in faecal DNA analysis. The term microsatellite instability refers to the expansion and contraction of short repeated DNA sequences that are caused by insertion of deletion of repeated units. MSI can be detected in 15% of sporadic CRC where MSI is typically due to methylation of the promotor region of the MLH1 gene, an epigenetic mechanism of gene silencing. The most frequently used marker of MSI is BAT 26. An American study evaluate the use of a BAT26 faecal test in stool samples of 46 patients with proximal CRC, 19 patients with proximal adenomas and 69 patients without neoplasia [63] . The BAT 26 faecal test identified 17 of 46 patients with CRC as positive, corresponding with a sensitivity of 37%. The specificity of the BAT 26 faecal test was 100%.
An important early defect in oncogenesis is an imbalance in cytosine methylation, with hypermethylation of CpG islands and genome hypomethylation [32] . Promotor hypermethylation of multiple genes has been reported to occur early in colorectal carcinogenesis [22, 39] . Detection of hypermethylated DNA markers in stool can be helpful for the identification of patients with CRC. A simple but effective laboratory test exists to detect promotor hypermethylation in multiple types of specimens, including stool derived DNA [21] .
Another approach to faecal DNA analysis is the detection of long DNA. Colorectal neoplasms (CRC and adenomas) exfoliate non-apoptotic colonocytes while normal colonic mucosa exfoliate apoptotic colonocytes [11] . The non-apoptotic colonocytes will contain long, intact strands of DNA while apoptotic colonocytes will contain fragmented DNA. The presence of long DNA in faeces may allow the identification of pa-tients with CRC. In a recent American study the presence of long DNA was identified in 15 of 27 (56%) patients with CRC, compared to 2 of 77 (3%) controls [13] .
Several small studies have assessed the sensitivity and specificity of DNA stool markers. A pilot study evaluating 33 tumours reported a sensitivity of 91% and a specificity of 93% for CRC. The reported sensitivity for advanced adenomas was 82% [6] . However, other subsequent prospective studies have reported a lower sensitivity ranging from 52 to 63% and a specificity ranging from 94 to 97% for CRC [15, 30, 61] .
The major advantage of faecal DNA marker tests is, similar to FOBT, the simplicity and the possibility to sample material for the test at home at any time. However, the impact of faecal DNA markers on CRC incidence and mortality has yet to be proven. Furthermore, faecal DNA markers have a few limitations which yet prevent their widespread use for primary screening.
The genetic heterogeneity of CRC has until now made it impossible to identify one single mutation that is expressed uniformly across all colorectal neoplasia. Faecal DNA markers therefore need to target multiple DNA mutations in a range of genes. The use of such a panel is essential for the improvement of detection rates and reduction of the number of false positives. Another limitation of faecal DNA markers is that DNA analyses from faeces is labour-intensive and costly, DNA has to be extracted from faeces and must be amplified for mutation analysis. The current DNA assays costs between $500-$800, while the guaiac and immunochemical FOBT costs between $5 and $30. The high costs relate to the multiple assays that are required in each test and the need to isolate DNA from faeces.
At this moment, faecal DNA markers are not suitable for CRC screening because of the low sensitivity, the lack of a uniform DNA mutation panel and the high costs. However, lowering costs by the use of one or two markers instead of a whole panel could make this technique suitable for the future if this would not strongly impair sensitivity of the test in the general population.
Proteomics
Proteomics focuses on the characterization of a large spectrum of proteins in body fluids, cells or tumours. Currently, two tests based on protein analysis in blood are available, namely carcinoembryonic antigen (CEA) and the gastrointestinal cancer related antigen (CA19-9). These tests are used in clinical practice to monitor therapy, however these markers are not useful for CRC screening because of their low test specificity.
Developments in the mass spectrometry have made it possible to simultaneously measure a large number of proteins with high accuracy and to identify every single protein. This enables the differentiation between different tumour types, normal and malignant cells and different tumour stages. Proteomics have already been used to define protein profiles for other tumour types such as ovary, prostate and breast cancer [5, 36, 46] . For CRC, proteomics could be used to identify protein profiles in both blood and faecal samples. Faecal samples contain large amounts of colorectal cancer cells but also other proteins. Thus it will be necessary to purificate faecal samples before proteomics testing is performed. Until now, few protein profiling studies on the detection of CRC have been performed in small study populations [19, 24] . In these studies protein profiling was performed on serum samples of CRC patients with mainly metastatic disease. The reported sensitivity for CRC ranged from 65-95% and the specificity ranged from 70-90%. The use of proteomics for CRC screening is still in its infancy and more research is needed before this method can be used for the detection of (pre)cancerous lesions.
CT colonography
CT colonography is a quick, non-invasive method in which CT images of the colon are obtained after inflating the colon with air or carbon dioxide [60] . Assessment of the CT images can be done in a twodimensional view or in a three-dimensional view, in the latter a moving picture is created and this can be assessed like a colonoscopy.
A study evaluating the performance of CT colonography in an asymptomatic population reported a sensitivity of 92% (95% confidence interval: 81.1-97.8%) and a specificity of 88% (95% confidence interval 76.1-95.6%) for the detection of adenomas 10 mm in size [47] . Another study evaluating an asymptomatic population reported a sensitivity of 89% for adenomas 10 mm [60] . However, the sensitivity and specificity for small adenomatous polyps (<5 mm) is very low and CT colonography does not ensure adequate detection of flat adenomas.
Just as for colonoscopy, the currently used protocols for CT colonography require bowel preparation, which is a burden for participants and can influence participation rates. Methods of faecal tagging are being studied, this would make a bowel preparation unnecessary [16] . Faecal tagging is the per oral ingestion of contrast material (barium and/or iodinated contrast) prior to CT colonography to label or tag faecal residue remaining in the colon after preparation. As a consequence polyps are recognized as they are not labelled or appear as negative filling defects in tagged fluid. Another disadvantage of CT colonography is the exposure of participants to radiation, which in conventional protocols amounts to significant levels. Studies into the use of low-dose radiation colonography are being performed and suggest that reduction of the radiation dose for the detection of polyps 5 mm dose reduction is feasible [66] . The risk that a 50 year old person develops a fatal malignancy due to CT colonography with current methods has been calculated to be one in 5000 [1, 58] .
Other disadvantages of CT colonography are the fact that the method is subject to considerable interobserver bias and the fact that CT colonography allows detection of extracolonic lesions. Furthermore, CT colonography is in contrast to colonoscopy a diagnostic tool only, which means that when a colonic lesion is detected persons still have to undergo a colonoscopy to remove the lesion.
Further improvement of the sensitivity, a reduction of the radiation doses and scanning without cathartic preparation are needed to make CT colonography a suitable screening method.
Cost effectiveness
The costs of a CRC screening programme are related to the screening method, the frequency of screening (once-only or repeated screening), the screening location (screening center or hospital), the background of the screening personnel (GI specialist or nurse endoscopist) and the selection criteria for referral.
In the last 5-10 years, several models including Markov and micro-simulation models have been used to evaluate the effectiveness and cost effectiveness of different screening modalities for CRC screening. A systematic review of these different models reported that colonoscopy screening every 10 years or the combination of FOBT annually and flexible sigmoidoscopy every 5 years was found to be the most effective [48] .
The efficacy of annual FOBT alone and flexible sigmoidoscopy every 5 years alone appeared to be similar. The costs of these screening strategies were between the $10,000 to $25,000 per year of life saved. This systematic review also reported that not a single testing method proved to be superior to the others in terms of cost effectiveness. This finding suggests that all current FOBT and endoscopic methods of CRC screening are effective compared to no screening at all.
Participation
The success of a screening programme depends on the participation rate of the asymptomatic population. Higher participation rates will increase the cost effectiveness of a screening programme. Several European studies have reported different participation rates of guaiac based FOBT screening programmes. The European randomized controlled trials that evaluated the effect of guaiac FOBT screening reported participation rates ranging from 52% (France) to 67% (Denmark) [25, 28, 33] . A British study assessing the feasibility of a guaiac FOBT screening programme reported a participation rate of 57%.
In an Italian feasibility study of CRC screening by immunochemical FOBT 2961 subjects were invited and 1631 subjects (55%) participated [17] . However, the first round results of the immunochemical FOBT screening programme in the region of Tuscan showed lower participation rates of 41% [27] .
The participation rate of flexible sigmoidoscopy screening programmes also show various results. In the UK flexible sigmoidoscopy screening trial, subjects were asked about their interest in participating in a CRC screening programme and 55% responded positive. Thereafter, eligible subjects were randomised to undergo either flexible sigmoidoscopy or no screening. Seventy-one percent of those randomized for flexible sigmoidoscopy actually participated leading to an overall participation rate of 39% [3] .
In the Italian flexible sigmoidoscopy trial 26% of eligible subjects attended flexible sigmoidoscopy [55] . In a Norwegian population of 799 subjects between 50-59 years of age, 80% participated in a flexible sigmoidoscopy program [29] .
European studies comparing participation rates of both FOBT and flexible sigmoidoscopy screening also show different results. In a Swedish population of 6376 persons between 55-56 years of age 59% participated in FOBT-screening compared to 49% to flexible sigmoidoscopy screening [14] . In a British study in 3744 subjects between 50-75 years, 47% participated in flexible sigmoidoscopy screening compared to 32% in FOBT-screening and 30% in the combined screen-ing with flexible sigmoidoscopy screening and FOBT. Telephone reminders increased the participation rate in the flexible sigmoidoscopy group to 62% [68] .
Randomised studies in Northern-Italy have shown no difference in participation rates to flexible sigmoidoscopy screening (28%) and an immunochemical FOBT screening (28%) [54] .
The available European data suggest that participation in a colonoscopy screening programme may be lower than in FOBT or sigmoidoscopy screening. In an Italian study the participation rate in a colonoscopy screening programme was 22%, while in Germany the participation rate is 2% [8, 53] .
Conclusions
Colorectal carcinoma is a serious health problem in all European countries. New chemotherapeutic and surgical developments have led to an improved prognosis of patients with CRC, but the developments are accompanied with high therapeutic costs. Screening can offer a major health benefit for asymptomatic individuals. Current acceptable screening modalities include faecal occult blood testing, flexible sigmoidoscopy and colonoscopy. Participation rates of European CRC screening programmes are moderate, however screening appears to be more cost effective than no screening at all.
